TABLES iv

CONVERSION FACTORS, DATUMS, AND ABBREVIATED WATER-QUALITY UNITS v
Water temperature is reported in degrees Celsius ( o C) and degrees Fahrenheit ( o F) and may be converted by using the following equations:
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29) . Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).
Concentrations of chemical constituents in water are reported either in milligrams per liter (mg/L) or micrograms per liter (µg/L). Milligrams per liter and micrograms per liter are units expressing the concentration of chemical constituents in solution as mass (grams) of solute per unit volume (liter) of water.
A liter of water is assumed to weigh 1 kilogram, except for brines or water at high temperatures because of significant changes in the density of the water. For concentrations less than 7,000 mg/L or 7,000,000 µg/L, the numerical value is the same as for concentrations in parts per million or parts per billion, respectively.
Specific conductance is reported in microsiemens per centimeter (µS/cm) at 25 degrees Celsius. Tritium concentration in water is reported as tritium units (TU). The ratio of 1 atom of tritium to 10 18 atoms of hydrogen is equal to 1 TU. Chlorofluorocarbons (CFCs) are measured in picomoles per kilogram (pmoles/kg), which is equivalent to parts per quadrillion. 
Multiply
vi NUMBERING SYSTEM USED FOR HYDROLOGIC-DATA SITES IN UTAH
The system of numbering hydrologic-data sites in Utah is based on the cadastral land-survey system of the U.S. Government. The number describes its position in the land net. The land-survey system divides the State into four quadrants separated by the Salt Lake Base Line and the Salt Lake Meridian. These quadrants are designated by the uppercase letters A, B, C, and D, indicating the northeast, northwest, southwest, and southeast quadrants, respectively. Numbers designating the township and range, in that order, follow the quadrant letter, and all three are enclosed in parentheses. The number after the parentheses indicates the section and is followed by three lowercase letters indicating the quarter section, the quarter-quarter section, and the quarter-quarter-quarter section-generally 10 acres for a regular section 1 . The lowercase letters a, b, c, and d indicate, respectively, the northeast, northwest, southwest, and southeast quarters of each subdivision. The number after the letters is the serial number of the well or spring within the 10-acre tract. When the serial number is not preceded by a letter, the number designates a well. When the serial number is preceded by an "S," the number designates a spring. Thus, (D-35-5) 9bda-1 designates the first hydrologic-data site visited in the northeast 1/4 of the southeast 1/4 of the northwest 1/4 of section 9, T. 35 S., R. 5 E.
1 Although the basic land unit, the section, is theoretically 1 square mile, many sections are irregular in size and shape. Such sections are subdivided into 10-acre tracts, generally beginning at the southeast corner, and the surplus or shortage is taken up in the tracts along the north and west sides of the section. 
INTRODUCTION
Grand Staircase-Escalante National Monument was established in 1996 for the protection, preservation, and scientific study of the natural and cultural resources. In keeping with those goals, the U.S. Geological Survey (USGS) is working cooperatively with the U.S. Bureau of Land Management (BLM) to identify and understand the hydrologic system within the monument. Specifically, this includes studying (1) baseline characteristics and variability, (2) regional and subregional surface-and ground-water systems, and (3) site-specific processes and interaction.
Much of the land in the Escalante River drainage basin is managed by the Grand Staircase-Escalante National Monument (pl. 1). The Escalante River is the largest perennial stream in the monument and creates important aquatic and riparian habitat. A seepage investigation of the river was conducted to better understand the hydrologic connection to the surrounding ground-water system. The seepage investigation was designed to determine (1) if large amounts of surface water in the Escalante River are lost or gained, (2) where those losses or gains occurred, (3) the amount of losses or gains and if they are significant, and (4) which rock units are involved. If specific reaches of the river have significantly large losses or gains, then those reaches could be the focus of future, detailed seepage investigations. Similarly, if specific rock units are large sources or sinks of surface water, then those units could be the focus of future detailed seepage investigations.
This report contains the results of the October 2001 seepage investigation along the Escalante River and comparison with an October 1981 seepage investigation. It also includes a compilation of all hydrologic and water-quality data collected by the USGS within the Escalante River drainage basin from 1909 to 2002.
Discharge measurements, seepage loses and gains, results of environmental tracer analyses, and the historical data for 64 surface-water sites and 28 springs (pl. 1) are presented in a series of tables located at the end of the report. All sites presented in this report are organized in downstream order in table 1. For each site, any additional tables that contain data for the site and the original source of the data are listed in table 1. The site identification (site ID) is a unique number that is needed for the data to be accessed electronically within the USGS National Water Information System (NWIS) and is based on the latitude-longitude of a site or, in the case of a streamflow gage, the station number.
Physical Setting and Hydrogeology
The area of the Escalante River drainage basin is approximately 2,020 mi 2 as measured from the point where the Escalante River formerly joined the Colorado River, now covered by Lake Powell. The drainage basin is located within the High Plateau section and the Canyon Lands section of the Colorado Plateau physiographic province (Hunt, 1974) . The high-altitude, lava-capped Aquarius Plateau, which is bounded by the Paunsagunt Fault on the west, is in the High Plateau section. The eroded sandstone canyons of the Escalante River and its tributaries are in the Canyon Lands section. Altitude ranges from about 11,200 ft near the headwaters of East Fork Boulder Creek on Boulder Mountain to 3,700 ft at lake level when Lake Powell is full. Altitude of data-collection sites ranges from 9,315 ft at the East Fork Boulder Creek gage (USGS stream gage 09338000) to 3,380 ft at the former site of the Escalante River at mouth gage (USGS stream gage 09339500). Average basin altitude is 6,400 ft. In addition to the canyons of the Escalante River and its tributaries, major geographic features are the (1) Aquarius Plateau and Boulder Mountain on the north where perennial tributaries such as Birch, North, Pine, Mamie, Death Hollow, Sand, Calf, Boulder, and Deer Creeks originate; (2) Escalante Mountains on the west that include Griffin Top and Barney Top, where drainage divides separate the Paria, East Fork of Sevier, Fremont, and the Escalante Rivers; (3) Kaiparowits Plateau and Fiftymile Mountain to the southwest, south, and southeast; and (4) Waterpocket Fold and Circle Cliffs to the east and northeast (pl. 1).
Two geohydrologic units crop out in the canyon of the Escalante River along the channel reach where the October 2001 seepage investigation was done, the Navajo aquifer of Jurassic age and the underlying Chinle-Moenkopi confining unit of Triassic age (Freethey and Cordy, 1991, p. C12-C21) . The Navajo aquifer primarily is composed of massive, very fine-to medium-grained, well sorted, crossbedded sandstones of the Wingate Sandstone, Navajo Sandstone, and Page Sandstone, and interbedded fluvial sandstone, siltstone, and mudstone of the Kayenta Formation (Freethey and Cordy, 1991, p. C17) . The Page Sandstone does not crop out at river level. The Chinle-Moenkopi confining unit is composed of fluvial and lacustrine sandstone, siltstone, shale, and bentonitic mudstone of the undifferentiated Chinle Formation (Hackman and Wyant, 1973, sheet 1 Geological Survey, 1966-82; ReMillard and others, 1983-96; others, 1997-2002; Wilberg and others, 2003) .
Cloudburst floods in Utah were described by Woolley (1946) for 1850-1938 and by Butler and Marsel (1972) for 1939-69. Both reports contain descriptions of floods in the Escalante River drainage basin. A summary of maximum discharges in streams in Utah was authored by Whitaker (1969) and includes data collected at partial-record stations described above. Equations for estimating streamflow characteristics including average discharge and annual maximum 1-, 7-, and 15-day mean discharges for recurrence intervals of 10, 50, and 100 years were determined at or near the gages in the Escalante River drainage basin by Christiansen and others (1986) . Equations for estimating the magnitude and flood frequency of 2-, 5-, 10-, 25-, 50-, and 100-year peak discharges at ungaged sites for areas of Utah and the southwestern United States, including areas in the Escalante River drainage basin, were developed by Thomas and Lindskov (1983) , and Thomas and others (1997) .
Water-quality analyses and seepage investigation data were collected by the USGS in support of various ground-water and surface-water studies. These studies were cooperatively funded by the USGS and either the State of Utah, Department of Natural Resources; or the U.S. Department of the Interior, Bureau of Land Management. Some data republished in this report originally were interpreted or published in Price (1978 and 1979) , Plantz (1983 and , Blanchard (1986), and Wilberg (1995) .
Descriptions of geology are contained in Doelling and others (2000) . A historic perspective of the geography and geology of the area is contained in Gregory and Moore (1931) .
Methods
Most of the Escalante River corridor is remote and difficult to access. To make the necessary streamflow measurements for the seepage investigation, approach to the river was by foot or helicopter. The river between the Escalante gage and Horse Canyon, informally referred to as the upper canyon, was accessed by hiking, either overland to the rim and then descending into the canyon or by hiking along the river corridor. Access below Horse Canyon was by helicopter, which was authorized by Glen Canyon National Recreation Area.
In May 2001 an unfunded float trip of the Escalante River along the 79-mi reach between Calf Creek and Cow Canyon on Lake Powell (which was at an altitude of 3,668 ft on May 24, 2001) was organized to collect water samples, to assess general logistics that would be required for the seepage investigation, and to explore a relatively remote river canyon. The float trip was facilitated by runoff from an above-average snowpack in the headwaters of the Escalante River drainage basin. Twenty-six water samples were measured in the field for temperature and specific conductance, 5 samples were collected for laboratory analysis of common constituents, 10 samples were collected for tritium analysis, and 5 samples were collected for analysis of chlorofluorcarbons (CFCs). During the October 2001 seepage investigation, eight additional water samples were collected from selected sites along the Escalante River and one from Twentyfive Mile Wash for analysis of CFCs.
By using the streamflow data gathered during the seepage investigation, losses (-) or gains for each of the 15 reaches between the Escalante gage and Stevens Canyon (table 2) were determined according to the following equation:
Computation of loss (-) 
where: Q ds = discharge measured at a downstream site; Q us = discharge measured at an upstream site; Q in = discharge measured at a tributary inflow (if a tributary is not mentioned in table 3, then it had no flow); and Q diversion = discharge of a diversion (there were no diversions along any reaches measured during this seepage investigation).
A technique developed by Wilberg and others (2001) was used to determine if the difference between discharge measured at upstream and downstream sites in a specified reach exceeds the error associated with the measurement of discharge at those sites. A significant loss or gain is determined when the loss or gain exceeds the error associated with measurement of discharge. Measurements of discharge made during this seepage investigation generally were rated as good or fair, which means in the opinion of the hydrographer, the amount of water measured was within 5 percent of the actual discharge for a measurement rated good or within 8 percent for a measurement rated fair. These ratings are based on subjective evaluation of objective factors that could affect the accuracy of the measurement. The factors include number and distribution of vertical sections where velocity is measured, average velocity, uniformity of flow, regularity and firmness of channel bottom, steadiness of stage and discharge during the measurement, and presence or absence of ice, wind, or debris in the flow that could affect the ability of the current meter to accurately measure the current velocity (C.W. Boning, U.S. Geological Survey, written commun., 1993). When measuring discharges of less than about 1 or 2 ft 3 /s, shallow water depths can place the velocity meter too close to the channel bottom, which can cause the velocity to be underestimated (Rantz and others, 1982, p. 132, 135, and 144) . Standard USGS practice is for hydrographers to assign qualitative ratings of accuracy to individual discharge measurements-excellent, good, fair, and poor.
Each specified reach, which is defined as the portion of channel between two discharge measurement sites, is normalized to the maximum discharge of either the upstream measurement site plus any inflow, or the discharge at the downstream site plus any diversions. This is computed by using the following equations: (2) where: 
where: N e % = normalized percentage error; and a = accuracy of a discharge measurement as determined by the hydrographer, a determination of how close the measured discharge is to the actual discharge: 2 percent for excellent, 5 percent for good, 8 percent for fair, and greater than 8 percent for poor.
If Q ds is greater than Q us plus Q in , that is, if more water was measured at the downstream section of the reach than was measured at the upstream section plus any inflow to that reach (equation 1), then the algebraic sign in equations 1, 2, and 3 is plus (+), which signifies a gain. Conversely, if Q ds is less than Q us plus Q in , then the sign is minus (-), which signifies a loss for that specific reach. A computed loss or gain for a specific reach is considered significant if the normalized percentage difference (N d %) is greater than the normalized percentage error (N e %). The percentage difference and percentage error were normalized to allow comparison between reaches with different amounts of discharge. 
SEEPAGE INVESTIGATION OF THE ESCALANTE RIVER DRAINAGE BASIN
Discharge was measured on October 23 and 24, 2001, during base-flow conditions from the USGS gage on the Escalante River near Escalante to the mouth of Stevens Canyon about 86 mi downstream near the maximum pool level of Lake Powell. Discharge was measured in the Escalante River at 16 individual sites along 15 consecutive reaches. Discharge also was measured or estimated at the mouths of 14 tributaries to the Escalante River. There were no diversions. The seepage investigation was terminated at Stevens Canyon because it represented the end of natural channel conditions not influenced by fluctuating lake levels, which can affect both sedimentation and channel characteristics.
The reach from the Escalante gage to the mouth of The Gulch, a distance of about 28 miles, was investigated on the first day. Discharge was measured at eight cross sections along the Escalante River (seven reaches) and at the mouths of five tributaries (table 3) . Discharge was measured at 10 cross sections along the Escalante River (9 reaches) between The Gulch and Stevens Canyon, a distance of about 55 miles, on the second day. Discharge was measured, or estimated if the flows were too small to measure with a current meter, at the mouths of nine tributaries.
Two stage recorders were operated during the seepage investigation to monitor the fluctuations of the Escalante River. The stage recorded at the permanent gage near Escalante (09337500) increased 0.04 ft during the 2-day investigation and the daily mean discharge increased from 4.3 ft 3 /s to 4.7 ft 3 /s. The stage increased 0.08 ft on the day preceding the start of the seepage investigation and the daily mean discharge was 3.2 ft 3 /s. The significance of this 0.08 ft rise on October 22, 2001, and its potential impact on the seepage investigation is moderated by attenuation downstream, increasing flow in the river as result of tributary inflows, the relatively small amount of discharge associated with the rise, and the fact that the increase ended 12 hours or more before the seepage investigation measurements began, a sufficient amount of time for the increase to transit the reach. A temporary stage recorder was installed on the Escalante River below the mouth of Calf Creek and operated for 65 hours and 45 minutes from October 22, 2001, at 1530 hours to October 25, 2001 , at 0915 hours. River stage was recorded at 15-minute intervals. The stage fluctuated 0.04 ft during the operation of the temporary gage and 0.03 ft during the 2-day seepage investigation. The small amount of stage variation and the lack of rising or falling trends indicate that the stage was quite stable. Two discharge measurements on October 23 and 24, 2001, at the temporary gage were 28.1 and 26.5 ft 3 /s, respectively, and corroborate the relatively stable base-flow conditions.
None of the 15 reaches along the Escalante River between the Escalante gage and Stevens Canyon that were measured during the seepage investigation of October 23 and 24, 2001, had computed losses or gains that exceeded the normalized error (N e %) (see Methods section and table 2). This finding does not indicate that losses or gains do not occur, but rather that the losses or gains were of a smaller magnitude than the errors associated with measurements of discharge. The first two reaches from the gage near Escalante (09337500, site 10) to Escalante River above Sand Creek (site 13) had normalized measurement errors that exceeded the normalized percentage difference by less than 2.1 percent (table 2) . A loss or gain might have been determined in these reaches if the discharge measurements were rated as good or fair. This was not possible because shallow stream depths created less than ideal measurement conditions. Several springs that discharge from the Navajo aquifer in Coyote Gulch and along the lake-affected channel in the reach below the mouth of Coyote Gulch were not investigated during the October 2001 seepage investigation. These springs are located near the contact of the Kayenta Formation and the overlying Navajo Sandstone (table 4, S25-S28) and could hold important indicators about the source and recharge areas, flow paths, time of travel, and quantity of discharge for water-budget estimates. Although there were no significant losses or gains along the Escalante River in October 2001, streamflow increases downstream, primarily from tributary inflow. Discharge and specific-conductance measurements made during the October 2001 seepage investigation are shown in figure 1.
Two speculative reasons that no significant seepage losses or gains were measured and implications regarding the ground-and surface-water systems and their interactions are:
(1) Accretion of flow in the Escalante River between Pine Creek and Boulder Creek is accounted for as inflow from tributaries. This reach includes perennial tributaries that have headwaters in the Aquarius Plateau and is where the Navajo aquifer is in direct contact with the potential recharge area in higher altitudes of the Aquarius Plateau.
(2) Ground-water discharge from the Navajo aquifer does not occur along the channel of the Escalante River but rather along the tributary channels, especially in the canyon upstream of Boulder Creek; therefore, gaining reaches were not determined during seepage investigations along the Escalante River.
Although tributaries to the Escalante River in the canyon upstream of Boulder Creek are assumed to gain water from the Navajo aquifer, primarily from springflow and fractures, the validity of this assumption could be tested by conducting a seepage investigation along a tributary channel. Identification of gaining reaches along any tributary channels could be used to define areas that could be critical to waterresource management. Mamie, Sand, Calf, and Boulder Creeks all have suitable conditions (perennial flow, outcrops of fractured Navajo Sandstone) conducive for seepage investigations. A seepage investigation at three or four sections along Boulder Creek from the town of Boulder to the mouth would be both logistically and hydrologically feasible. Logistically because there is more than one place to access the different reaches of Boulder Creek, 8and hydrologically because of the relatively large (larger than Calf, Sand, or Mamie Creeks) volume of water to measure. Discharge of the Escalante River can sometimes double with the inflow of Boulder Creek, which contributes considerably more discharge than what generally is observed at the town of Boulder.
Environmental Tracer Sampling
During the May 2001 float trip, water samples were collected from the Escalante River, tributary streams, and springs for analysis of tritium ( 3 H) and CFCs. In addition, water samples were collected at nine sites for CFC analysis during the seepage investigation in October 2001. These environmental tracers are used to age-date ground water that has recharged the hydrologic system since the early 1950s. The 2001 sampling was done at a reconnaissance level to evaluate the utility of these tools to better explain surface-and ground-water interaction. Tritium ( 3 H) is a radioactive isotope of hydrogen that occurs naturally in very small quantities. Concentrations several orders of magnitude larger than background were introduced into the hydrologic cycle during atmospheric (open air) nuclear testing. Atmospheric testing at the Nevada test sites began with the Able test on January 27, 1951, and ended with the Little Feller I test on July 17, 1962 (Dept. of Energy, 2000, p. 24 and 46). As a result, tritium concentrations are useful for determining whether ground water recharged prior to or after 1950. Tritium units (TU) of less than 0.5 generally are considered indicative of water that recharged the ground-water system prior to open-air nuclear testing, thus, prior to 1951. One TU represents one molecule of 3 H 1 HO in 10 18 molecules of 1 H 2 O.
Samples of surface water collected in Scorpion Gulch, Fools Canyon, and Stevens Canyon (sites 50, 57, and 61), respectively, are all younger than 50 years (table 5) . These samples represent ground-water discharge to the streams and did not contain any obvious components of surface runoff. Surface water represents a mixture of all ground-water sources feeding the stream, and thus can give an indication of average ground-water age for a drainage. On the basis of limited sampling in 2001, the surface water appears to have a component of younger (less than 50 years) ground water. Because the sampled water has been exposed to the atmosphere as it moves from groundwater source to sampling point, there is a potential that the tritium in the surface water came from exchange of water molecules in the atmosphere. Current background atmospheric concentrations are about 9 TU. With enough time, exchange will cause all surface water to have a concentration of 9 TU. The exchange, however, is slow and the estimated time that sampled waters were exposed to the atmosphere is on the order of several hours, which potentially could increase the TU concentration by a few tenths (0.1 to 0.3). Water collected from springs that discharge directly from consolidated rock have 0.53 or less TU and indicate an apparent age of greater than 50 years (table 5) . With the exception of the spring sampled in Coyote Gulch (S24), these consolidated-rock springs are all located along the Escalante River. These springs have small discharges and a minimal affect on total streamflow. When comparing the age of the springs to those of the tributaries, it seems plausible that flow paths might be deflected toward the incised tributary side canyons. Flow paths toward tributaries appear shorter (younger) and might be a path of least resistance for ground-water discharge. Water from the spring in tuning fork canyon (S23), which discharges from a veneer of talus of Quaternary age, appears less than 50 years old. Given the spring location and the similarity in tritium concentration of the stream in tuning fork canyon (site 52), it is likely that the spring represents stream water that is moving in and out of the adjacent colluvium.
CFCs are synthetic, nontoxic, stable chemical compounds that contain carbon, chlorine, fluorine, and sometimes hydrogen. CFCs were developed in the early 1930s and are used for a variety of domestic and industrial purposes. In the 1970s it was discovered that CFCs deplete stratospheric ozone and considerable effort has been expended to quantify atmospheric concentrations since they were first produced. The solubility of CFCs in water is well known and that makes it possible to use these compounds to determine the apparent age of ground water (apparent because a number of simplifications are used to determine age). Sampling for CFC concentrations in the Escalante River was done to explore the potential of using surface waters to determine an average ground-water age for the drainage basin (table 6). Whereas tritium values indicate a before-or after-1950 recharge time, CFCs provide a discrete age (for example 22-year-old water, plus or minus some uncertainty). Average groundwater age is a fundamental characteristic of a groundwater system. Recharge rates and the amount of water stored in the ground-water reservoir are both reflected in the average ground-water age; increased recharge rates will decrease age, increased storage will increase age (Cook and Böhlke, 2000, p. 9) . If ground-water age were preserved in the perennial streamflow, then surface-water samples might be useful to estimate flow-weighted mean transit times. Unlike tritium, CFCs are dissolved gases that exchange rapidly with the atmosphere. To interpret CFC ages, the gasexchange rate of the Escalante River must be known. That is beyond the scope of this report; therefore, only CFC concentrations are presented in table 6. Further research is needed to determine the utility of CFCs to quantify average ground-water travel times in the Escalante River drainage basin.
Comparison of 1981 and 2001 Seepage Investigations
Seepage along the Escalante River also was measured during October 1981; the data are listed in table 3 and described by Blanchard (1986, p.19) The average October streamflow at the Escalante gage (09337500, site 10) for 47 years of record levels in, the underlying aquifer/aquifers change. By inference, it appears that any decrease in recharge to the Navajo aquifer (which underlies Mamie, Sand, and Calf Creeks) caused by the drier period had little effect on water levels. Probably the amount of water stored in the Navajo aquifer is significantly larger than any potential 5-year variations in recharge. Alternatively, there does appear to be a ground-water component in the Boulder Creek drainage that is affected by 5-year changes in climate and recharge.
HYDROLOGIC AND WATER-QUALITY DATA
As a resource to future hydrologic investigations of the Escalante River drainage basin, a compilation of all hydrologic and water-quality data collected by the USGS for the area is published as a series of tables located at the end of this report. The sources of these data are listed in table 1 and discussed in the "Previous Studies" section of this report. The compilation consists of data for 64 surface-water sites and 28 springs (pl. 1). Data published here were collected by the USGS in the Escalante River drainage basin from September 1909 for the Escalante River near Escalante gage (09337500) to December 2002 for a specificconductance measurement of surface water at Boulder Creek near Boulder Creek gaging station (09339000) when it was reactivated. Discharge data were collected for different periods of time at 12 gaging stations operated and maintained by the USGS in the Escalante River drainage basin beginning in 1909 at the Escalante River near Escalante gage (09337500), which was called Escalante Creek until 1913. Selected data for gaging stations in the Escalante River drainage basin are presented in table 7 and include period of record, drainage area, annual mean discharge for complete water years, extreme maximum and minimum discharge quantities, and dates.
Field measurements of specific conductance and temperature taken during routine site visits to the gages at Pine Creek near Escalante (gaging station 09337000) during 1969-91, and Escalante River near Escalante (gaging station 09337500) during 1971-91, are listed in tables 8 and 9, respectively. These data are presented to show near-monthly and seasonal variation. 
SUMMARY
This report contains the results of the October 2001 seepage investigation along the Escalante River and includes a compilation of hydrologic and waterquality data collected by the USGS within the Escalante River drainage basin from 1909 to 2002 for 64 surface-water sites and 28 springs (pl. 1). This report was written as part of a larger cooperative study by the USGS and BLM done to identify and understand the hydrologic system within Grand StaircaseEscalante National Monument. The purpose of the seepage investigation was to determine if large amounts of surface water in the Escalante River were lost or gained, to determine where those losses or gains occurred, to quantify the losses or gains and determine if they were significant, and to identify which rock formations were involved.
None of the 15 reaches along the Escalante River between the Escalante gage and Stevens Canyon where discharge was measured during the seepage investigation of October 23 and 24, 2001, had computed losses or gains that exceeded the normalized percentage error. Losses or gains were computed for each reach by subtracting the sum of the discharge measured at an upstream site and any tributary inflow in that reach from the discharge measured at a downstream site. For ease of comparison among reaches, the computed losses or gains were normalized. A computed loss or gain is considered significant when the normalized difference is greater than the normalized error.
Individual reaches along tributaries in the upper canyons could be the focus of future seepage investigations. Specifically, tributaries such as Boulder Creek, Mamie Creek, Sand Creek, Deer Creek, and Calf Creek offer the most potential to find reaches of significant gains in surface-water discharge. 
